THE MECHANISM OF THE INHIBITION OF HEMOLYSIS : IV. THE TYPES OF REACTION INVOLVED by Ponder, Eric
THE MECHANISM OF THE INHIBITION OF HEMOLYSIS 
IV.  THE TYPES OF REACTION  INVOLVED 
BY  ERIC PONDER 
(From The Nassau Hospi~, Mineola, Long  Island) 
(Received for publication, July 5, 1945) 
This paper is concerned particularly with the problem of whether the inhibi- 
tory effects of plasma components are due to reactions between the  inhibitors 
and the lysins in the bulk phase of the system, or to reactions which involve, 
and take place at, the red cell surfaces, or to both.  The earlier  quantitative 
descriptions  of  inhibitory phenomena  were  developed  exclusively from  the 
first of these  two points  of view  (Ponder,  1924, 1925, Ponder and Gordon, 
1934), but I recently observed that the inhibition produced by plasma depends 
on the type of cell used in the hemolytic system (Ponder, 1943), and suggested 
that the inhibition is the result, in part at least, of reactions which involve 
the  cell  surfaces.  Other  investigations  (Lee  and  Tsai,  1942a,  b), however, 
point to the effect of cholesterol, one of the inhibitory components of plasma, 
as being the result of a reaction between it and the lysin in the bulk phase  of 
the  system.  The  situation is therefore much more  complex than has been 
supposed, and what it true for one inhibitory component is probably not true 
for  another. 
From an experimental standpoint, three types of reaction are distinguishable 
in  a  system containing red cells, one lysin, and  one  inhibitor  (or,  in  some 
cases,  one  accelerator).  (1)  The  inhibitor  may react  irreversibly with  the 
components of the red cell surface, and reactions of this kind can be distin- 
guished by the inhibitory effects persisting after the inhibitor has been allowed 
to remain in contact with the cells for some time, at the end of which it is 
washed off (Ponder, 1926).  (2)  The presence of the inhibitor may determine 
that the lysin is less concentrated at the red cell surfaces than it would be  in 
the absence of the inhibitor.  In this case the inhibitory effect does not persist 
after the inhibitor is washed away, although the involvement of the red  cell 
surfaces  can  be  established  independently.  (3)  The  inhibitor  may  react 
with the lysin in the bulk phase of the system to render the latter inert.  In 
this case, red cells added to the lysin-inhibitor mixture merely act as an indicator 
of the amount of free lysin present, the quantity of which can be shown to 
vary, in some cases, with the temperature  at which lysin and inhibitor are 
mixed (Lee and Tsai,  1942  a). 
Other possibilities exist, e.g.  the reaction between inhibitor and the  com- 
ponents of the cell surface might be completely reversible by the process of 
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washing, or the inhibitor might react with the lysin in the bulk phase to form 
a  new substance of smaller hemolytic activity than  that of the lysin itself. 
In the meantime, there are no experimental means for recognizing such reac- 
tions, although they are possible. 
In this paper I  shall combine a  description of some of the inhibitory, and 
occasionally acceleratory, effects produced by preparations  of  (A)  lecithins, 
(B)  cholesterol,  and  (C)  proteins,  with investigations on  the  nature  of the 
reactions by means of which the effects are brought about.  The descriptions 
of the phenomena themselves are probably quite incomplete, partly because 
our knowledge of the fractionation of the plasma components is still in a state 
of development; even now they could be extended by using a  larger number 
of known fractions than I have used.  The main purpose of the paper, however, 
is  to  direct  attention  to  the  various mechanisms underlying the  inhibitory 
phenomena. 
A. LECITHINS 
Because of the prevailing opinion that most preparations of phospholipids 
are  mixtures of none  too well defined composition,  I  have  used  three  sub- 
stances as representative of the lecithins, recognizing, at the same time, that 
the lecithins as they occur in plasma may have properties different from the 
properties of any of these. 
(1)  Distearyl lecithin, kindly given to me by Dr. Harry Sobotka, is a  syn- 
thetic preparation  made by Dr.  Adolph Griin from choline phosphoric acid 
and distearine.  The fatty acid chains are fully saturated, and the substance 
is very stable.  (2)  "Lecithin ab ovo" is a  Merck preparation of egg lecithin, 
and I have included it because it has been used in the past in so many investiga- 
tions in which the properties of "lecithin" were being studied.  It is certainly 
a mixture of lecithins with both saturated and unsaturated fatty acid chains, 
some of which are oxidized.  (3)  Soybean lecithin, prepared in the laboratory 
from material kindly sent me by the American Lecithin Co., probably closely 
resembles egg lecithin in its general properties, but, being freshly prepared, is 
relatively free from oxidation products. 
These three substances were introduced into hemolytic systems in the form 
of sols.  As in the case of cholesterol sols, a question must arise as to the extent 
to which physical properties,  such as dispersion, influence the inhibitory and 
acceleratory properties observed.  It is almost certain that the phospholipids 
in  these  sols  in  saline  are  not  identical with  the  phospholipids  in  plasma, 
either as regards their physical condition or their chemical combination (see 
Bloor,  1943).  The  most  that  their  behavior  in  hemolytic systems  can  be 
expected  to provide,  accordingly, is  an indication of the  way in  which  the 
plasma lecithins may enter into reactions with lysins and with the cell  com- 
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I.  Sols of Distearyl Lecithin 
1. Preparation of Sols--5  mg. of distearyl lecithin is dissolved  in 2 nil. of absolute 
methyl alcohol  with the aid of heat.  The entire quantity is then added to  ll) ml. 
of isotonic phosphate buffer  1 at pH 6.4, just brought to the boil.  After boiling  for 
about 15 seconds, the sol is allowed to cool slowly.  It is translucent at first, but it 
becomes opaque as it stands, and it ought to be freshly prepared before each experi- 
ment.  Each milliliter  of the sol contains 500 "r of distearyl lecithin.  The sol does 
not produce lysis by itself, even after several hours, and in this respect differs markedly 
from the sols made from the commercial "lecithin ab ovo" or from soybean lecithin, 
to be discussed  below. 
2.  The  Inhibitory  Effect  of  Distearyl  Lecithin  in  Lysin-Inhibitor-CeU 
Systems.--Table  I  gives  the  data  for  typical  time-dilution  curves  at  37°C. 
for  (a)  a  standard  system  containing  various  amounts  of  digitonin,  saline 
sufficient to make the volume up to 1.6 ml., and 0.4 ml. of red cell suspension 
added  subsequently,  and  (b)  varying  quantities  of digitonin,  0.8  nil.  of the 
lecithin sol (400~), and 0.4 ml. of suspension  added  subsequently.  Times for 
complete hemolysis are in seconds. 
In this case the R-value for the inhibition is about 1.6, 2 but the value obtained 
varies considerably with different sols, and is sometimes as low as  1.15. 
Table II shows the  results obtained in  similar systems containing  saponin 
and  distearyl  lecithin  sol  (40(01) at  37°C.  Times  for  complete  hemolysis 
are in minutes.  The  average R-value is about  1.45. 
3.  The Order of Mixing the Components.--Tables  I  and II refer to systems 
in which 0.8 ml. of the lysin in various dilutions is allowed to stand together 
with the inhibitor for a known time (usually about I5 minutes), and the cells 
added subsequently.  Alternatively, the lecithin sol and the cells can be allowed 
to stand together at 37°C. for varying lengths of time, and the lysin added to 
complete the  system:  this  is a  cell-inhibitor-lysin  system, in  contrast  to the 
type of system to which Tables I  and II refer; i.e., lysin-inhibitor-ceU systems. 
Isotonic NaCl-phosphate buffer at pH 7.0 is made by adding 25 ml. of a  mixed 
phosphate buffer (72 ml. ~/15 Na2HP0, and 28 ml. ~/15 KH~PO,)  to 75 ml. of 1.2 
per cent NaCI.  Isotonic buffers at other pH's are made by varying the volumes of 
the two phosphates in the mixed buffer. 
This is an average value, for R is really a function of cl (Ponder, 1943), and the 
values of R and even more obviously those of A depend on the initial concentration 
of lysin in the system.  Sometimes R is constant over a considerable  range, in which 
case ci is linear with ca and A is a constant fraction of ci.  More frequently R becomes 
smaller as ci decreases,  but in some cases  R  may increase  as the asymptotic values 
are approached (see Table XII and footnote 20).  All kinds of R-c1 relations seem 
to be possible  as  the  investigations are  extended  to a  greater variety of systems. 
Note: In Ponder,  1943, page 6, line 3, and p. 8, lines 5,  11, and 14, ca and cl should 
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Distearyl lecithin is far more inhibitory in cell-inhibitor-lysin systems than 
it is in lysin-inhibitor-cell systems; i.e., systems containing digitonin, saponin, 
TABLE I 
•  Stock digitonin, sd.~ 
0.5  0.4  0.3  0.16  0.12  /  0.10 
Standard system .....................  4  5  7.0  11  [  19 [  50 
S~temcont~ing~,l~t~  ........  I  s  I  6  I  s.s  [  40  1>300[- 
* In making up systems containing saponin, I  prepare a  series of dilutions of the lysin 
(2£ in 10,000, 2.5, in 20,000, etc.) in 100 ml. bottles, and add 0.8 mL of these various dilutions 
to the tubes in which the hemolytic systems are contained.  In systems of volume 2 mL 
they become dilutions of 1 in 10,000, 1 in 20,000, etc.  In working with digitonin, on the 
other hand, I  use only two solutions, a  "stock"  containing 100 rag.  of digitonin per liter 
(dissolved with the aid of heat), and a stock diluted 1 in S.  Various quantities of these,  e.g. 
0.8 ml., 0.7 ml., etc., are added to the tubes containing  the hemolytic systems; saline is then 
added to bring the volume up to 0.8 ml., and the rest of the hemolytic system is completed, 
to a total volume of 2 ml., in the usual way.  The reason for this difference in technique lies 
in tl/e tendency of digitonin to be concentrated on gl£ss surfaces,  and irregular results are 
obtained if one attempts to prepare a  series of dilutions beforehand and to pipette them 
individually into  the  tubes containing the  hemolytic systems.  It is even important to 
maintain about the same leve in the vessel containing the stock solution to be pipetted, so 
that exposure to the glass surface is approximately constant. 
TABLE II 
200  133  I00  80  67 
Standard system .....................  [  0.3  [  0.7  [  1.5  [  3.5  [  7.0 
Systemcontaining400 led n  ........  J07  I  22  I  6.0  J15  J  -- 
50 
3O 
TABLE III 
Stock dlgitonin, ra/,* 
0.5  0.4  0.3  0.16  0.12  I  0.10 
/ 
Standard system .....................  I  4  I  5  [  7.5  I  11  [  19  I  20 
System containing SOTlecithin:~ ........  I  5  [  6.2  I  8.3  I  37  t  3OO  I  -- 
* Or 7 of digitonin X  10  -2. 
~: Time of contact between cells and inhibitor, 15 minutes at 37°C. 
or taurocholate as lysins and distearyl lecithin as the inhibitor are catastoichic, 
the  inhibitory effect  depending  on  the  order  in  which  the  components  are 
brought  together  (see  Ponder,  1934).  Table  III  gives  values  which  are ERIC PONDER  5 
strictly comparable with those of Table I, with the difference that in the case 
of Table III the systems are of the cell-inhibitor-lysin type and the concen- 
tration of inhibitor one-fifth  that in the lysin-cell-inhibitor systems of Table I. 
The inhibitory effect of the distearyl lecithin is thus increased fivefold  by its 
remaining in contact with the cells for 15 minutes at 370C. 
The same result can be obtained in another way, which can be illustrated by 
an experiment involving hemolytic systems containing saponin.  Three tubes 
are prepared, the first containing 0.8 ml. of 1 in 15,000 saponin plus 0.8 ml. of 
phosphate buffer at pH 6.8, the second containing 0.8 ml. of I in 15,000 saponin 
plus 0.8 ml. of lecithin sol in the phosphate buffer, and the third containing 0.8 
ml. of lecithin sol in phosphate buffer plus 0.4 ml. of red cell suspension.  The 
three tubes are allowed to stand in the water bath at 37°C. for a known length 
of time, say 15 minutes (the "time of contact" between cells and inhibitor).  At 
the end of this time 0,4 ml. of ceU suspension is added to the first and second 
tubes, and 0.8 ml. of 1 in  15,000 saponin  (at 37°C.)  to the third tube.  This 
completes the three hemolytic systems, and the time for complete hemolysis is 
measured for each.  In a typical experiment they were found to be 
Lysin +  saline +  cells  16 seconds. 
Lysin + inhibitor +  cells  35 seconds. 
Cells + inhibitor + lysin  7 minutes. 
More inhibition is therefore produced by adding the ceils to the inhibitor and 
allowing them to stand together for 15 minutes than is produced  when the 
cells are added to the lysin-inhibitor mixture; i.e.,  the.system is  catastoichic. 
To determine how much inhibition is produced by allowing the cells  and the 
inhibitor to stand together, we plot a  standard time-dilution curve for the 
lysin, and by referring to it find that 35 seconds is the time required for com- 
plete lysis by a  1 in 21,000 saponin, whereas 7 minutes is the time  required 
for lysis by 1 in 30,000 saponin.  Now expressing the results as R-values, we 
have R  =  1.4 for the lysin-inhibitor-cell system, and R  ---  2.0 for the cell- 
inhibitor-lysin system; i.e.,  allowing the cells and inhibitor to stand together 
for 15 minutes at 37°C. increases the inhibitory effect (2.0  -  1.0)/(1.4 --  1.0) 
times, or 2.5 times, in this experiment. 
Similar  experiments  carried  out  with  sodium  taurocholate  in  phosphate 
buffer as the lysin, and distearyl lecithin in the same buffer as the inhibitor, 
show that the inhibitory effect is increased to about the same extent (2 to 5 
times) by allowing the cells and the inhibitor to stand together for 15 minutes 
at 37°C.  These effects point to the distearyl lecithin having a  direct effect 
on the components of the surface of the cells) 
s There are at least three possibilities which account for the inhibition  in cell- 
inhibitor-lysin  systems being greater than that in lysin-inhibitor-cell systems.  (1) 
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4.  Effects  oJ Distearyl  Lecithin  at Red Cell Surfaces.--Direct evidence of an 
effect of distearyl lecithin on the red cell surfaces is provided by two types of 
observation. 
(a)  To 5 ml. of red cell suspension is added 5 ml. of a distearyl lecithin sol in 
phosphate buffer (system B), and to the same amount of suspension in another 
tube is added 5 ml. of the buffer alone (system A).  The two mixtures are al- 
lowed to stand for 15  to 30 minutes at 37°C.; they are then centrifuged, the 
supernatant  fluids  removed, and 5 ml. of buffer added to each to make two 
suspensions B and A.  Using digitonin or saponin as lysins, time-dilution curves 
are plotted for both suspensions at 37°C., and the inhibition produced in system 
B is expressed as an R-value by referring to the standard time-dilution curve for 
suspension A.  A series of six experiments of this type gave R-values varying 
from 1.45 to 1.15,  with an average of 1.32.  This is less than the inhibition in 
lysin-inhibitor systems (section 2,  above), and considerably less than that in 
ceU-inhibitor-lysin systems (section 3, above), but is nevertheless sufficiently 
great to show that distearyl lecithin produces some of its inhibitory effects at 
the cell surfaces themselves. 
(b)  The clearest evidence of a  reaction between distearyl lecithin  and  the 
components of the red cell lies in the disk-sphere transformation which takes 
place when the sol is added to a suspension of washed red ceils.  If 1 ml. of a 
sol containing 400~ of distearyl lecithin per ml. is added to 1 ml. of a  standard 
suspension  of  washed  human  red  cells,  the  disks  become  crenated  spheres 
within  5  minutes,  and  perfect  spheres  within  10  minutes,  at  20°C.  The 
transformation is effected with about the same rapidity by a  sol of "lecithin 
ab ovo" containing only 507  of lecithin,  and the difference in activity between 
in  the cell-inhibitor  system, both because the concentration  of inhibitor is greater 
and because  there is more time for the reaction to take place.  Evidence of such a 
direct action is provided in section  4,  above.  (2)A  concentration  of the  inhibitor 
at the cell surfaces would provide a region of increased  concentration, and this would 
be a region in which proportionately more lysin might be rendered inert than in the 
bulk of a homogeneous  mixture, since R, or A, is a function of the concentration of 
inhibitor reacting with the  lysin.  (3)The presence  of the inhibitor in the system, 
whether concentrated at the cell surfaces or not, could so modify the conditions at 
the cell-fluid interface as to reduce the tendency of the subsequently added lysin to 
be concentrated there.  Except for the  experiments described  in  section  4,  above, 
there is no way in the meantime of determining the extent to which  these different 
processes influence the overall effect.  It may be remarked that in the case of possibil- 
ity (1)  the "time of contact" between cells and inhibitor would  be expected to be 
quite  important  in  determining  the  inhibitory  effect,  whereas  the  conditions  for 
possibilities  (2) and  (3)  would  probably be established rapidly.  It is found experi- 
mentally that the inhibition does not usually vary greatly with the time of contact, 
provided that the latter is longer  than half a minute or so. ERIC PONDER  7 
the two kinds of lecithin may be related to the fact that sols of "lecithin ab ovo" 
are hemolytic, whereas sols of distearyl lecithin are not.  4 
5.  Temperature  Effects.--In  the  case  of  mixtures  of  cholesterol  sols  and 
lysins, the inhibitory effect, measured at  37°C., is increased by allowing the 
inhibitor and  the lysin to react together at  temperatures from 50  °  to  70°C. 
(Lee and Tsai, 1942 a).  A temperature effect can also be demonstrated in the 
ease of mixtures of distearyl lecithin sols and saponin or digitonin, but it is 
in the opposite direction.  Using 0.16 ml. of stock digitonin as the lysin and 
0.8 ml. of a distearyl lecithin sol as the inhibitor, R-values of 1.70,  1.60,  1.51, 
1.381 and  1.29 were obtained when the lysin and the inhibitor were allowed 
to react together for 3 minutes at 37 °, 50  °,  60  °,  70  °,  and 80°C. respectively, 
the inhibitory effects being measured immediately thereafter at 37°C.  If the 
values are plotted, R  will be found to be virtually linear with temperature, 
and the observations provide evidence of a reaction between the lysin and the 
inhibitor in the bulk phase of the system (a A-reaction).  5 
When the distearyl lecithin is heated to 80°C. and then allowed to cool, a 
sharp increase in its opacity takes place between 70  ° and 60°C.  The optical 
density values at  4200/~.  are:  80°C.,  0.80,  70°C.,  0.85, 65°C.,  1.20,  63°C., 
1.50,  60°C.,  1.65,  50°C.,  1.75,  and 37°C.,  1.95.  These density changes pre- 
sumably correspond to changes in micellar dispersion, and it is curious that 
what probably corresponds to an increase in dispersion (at the higher tempera- 
tures) should correspond to a  decrease in inhibitory power.  The situation is 
apparently quite unlike that described for cholesterol sols. 
II.  Sols of "Lecithin ab Ovo" 
1.  Preparation of Sols--1  gin. of "lecithin ab ovo" (Merck)  is dissolved in 100 ml. 
of ethyl alcohol.  To 100 ml. of almost boiling isotonic phosphate buffer at pH 6.9, 
1 ml. of the alcoholic solution is added dropwise, and the sol is brought to the boil 
for about half a minute.  It is then allowed to cool, and is remarkably stable if kept 
in the refrigerator at 4°C.  Each milliliter contains  100 ~, of "lecithin."  The sol has 
hemolytic properties, 0.8 ml. producing just perceptible lysis of 0.4 ml. of a standard 
suspension  of human red cells in 3 minutes at 370C. 
2.  The Effect of "Lecithin" in L ysin-"  Lecithin"-Cell Systems.--The differences 
between the effects of lecithin ab ovo and those of distearyl lecithin seem to 
be due to the fact that the former substance has lyric properties, and that it 
probably consists of a mixture of substances which are inhibitory (like distearyl 
lecithin) and substances which are lyric (like lysolecithin). 
4 The statement that  distearyl lecithin  does  not produce shape  transformations 
(Ponder, 1942, footnote) was made before it was known that stable  sols of the sub- 
stance could be made. 
6  Lee and Tsai (1942 a) did not observe this temperature effect with the lecithin 
which they used (their Table III and conclusion 3). 8  INHIBITION O~ HEMOLYSIS.  IV 
In systems containing saponin, the effect of the "lecithin" is that of accelera- 
tion between pH 5.0 and 7.0.  Table IV, which resembles Tables I, II,  and 
III in its arrangement,  shows the values of t in minutes obtained at pH  6.8 
and at 37°C. 
Since lecithin ab ovo is itself hemolytic, the result in Table IV almost certainly 
represents  a  case  of  one  lysin  enhancing  the  action  of  another.  There  is 
little doubt but that the accelerating effect is the result of a reaction between 
the "lecithin" and some of the components of the red cell surface; this reaction, 
or others allied to it, produces a  disk-sphere transformation of the cells, and 
the  shape  change  itself  is  eventually followed by hemolysis  (Ponder,  1935, 
TABLE  IV 
200  100  80  67  50  40 
Standard  system .............  ; .......  [0.25  ]  1.4  [  4.5  I  17  t  --  [  -- 
System containing 807 "lecithin '* ......  [  0.11  ]  0.55  [  0.8  ]  2.0  [  4.5  [  8.0 
* The consecutive R-values are 0.71, 0.66, 0.71, 0.63,  and 0.55.  The lytic action of the 
"lecithin" itself would tend to lower the R-values for the longer times. 
TABLE V 
--__St°ck  digitonin,  r,d.* 
0.4  0.2  0.16  0.14  0.12  0.10 
Standard system .....................  6  11  17  25  I  35  [  60 
System containing80"r"lecithin". ......  ]  4  [  10  [  25  ]  120  [  --  ]  -- 
* Or7 of digitonin X  10-% 
1942).  The  surface  components,  already  weakened  by  the  action  of  the 
lecithin, are all the more readily broken down by the  second lysin, saponin. 
In systems containing digitonin, the "lecithin" acts as an accelerator or as 
an inhibitor, the effect depending on the concentration of the digitonin present 
in the system.  Table V shows the results obtained in digitonin-"lecithin"-cell 
systems at 37°C.; this table may be compared with Tables I, III, and IV.  The 
times are in seconds. 
In the systems containing the higher concentrations of lysin (0.4 and 0.2 ml. 
of stock digitonin), the addition of the  "lecithin" results in an acceleration, 
whereas in systems containing smaller quantities of lysin there is an unmis- 
takable inhibition.  This type of result is obtained from pH 5.0 to 7.0.  The 
time-dilution curves for the  standard  system and for the  system containing 
the "lecithin" accordingly cross one another (Fig. 1), which is a situation hither- 
to met with only in cases in which effects at the red cell surfaces are involved ERIC I~ONDER  9 
(Gordon,  1933).  In  this  case  it  is  likely that  the  "lecithin"  contains  two 
components, a lyric one and an inhibitory one, and that the effect of the former, 
at least, is exercised directly upon the components of the surface.  Since the 
time-dilution curves cross one another, we can suppose that the acceleration 
and the inhibition are equal at the point of crossing; when the system contains 
C1~ 
:ml. 
0.1 
O. 
0.12 
0.1~  b 
0.16 
0.2 
0.4 
R', 1.0 
~R 
V  0.0  LO  2~ 
I  I  I  I  .... 
~ec.  .1.0  20  30  60  120 
FIG. l.  Ordinate, q  plotted on a dilution scale; abscissa,  time in seconds.  Curve 
a,  standard  system; curve b,  system  containing  80  -/ lecithin  ab ovo.  The inset 
shows the R-values of two hypothetical components of the lecithin, one acceleratory 
and one inhibitory, which  would give two time-dilution  curves ~milar to those of 
the figure.  Ordinate, q; abscissa, R. 
higher  concentrations  of  digitonin,  the  acceleration  exceeds  the  inhibition, 
and  when the  system contains less  digitonin,  the  reverse is  the  case.  The 
curve-tracing, inset in Fig.  1, shows one familiar type of dependence of R  on 
lysin concentration which would result in the situation found in experiment. 
3.  The Effect of "Lecitkin" in CeU-Inhibitor-Lys~n  Systems.--In the case of 
systems containing dlgitonin in the  concentrations for which lecithin ab  o~o 
sols act as inhibitors, the inhibition is considerably greater in cell-inhibitor- 10  INHIBITION OF IIEMOLYSIS.  IV 
lysin  systems than  it  is  in  lysin-inhibitor-cell  systems; i.e.,  the systems .are 
catastoichic.  The results are in general similar to those obtained with diste- 
aryl  lecithin  as  the  inhibitor  (Table  III, compared with  Table  I),  but  are 
more di~cult  to obtain and to account for because the lecithin ab ovo exerts 
hemolytic effects of its own, as well as inhibiting the action of digitonin.  The 
complicated state of affairs is illustrated by an experiment (Table VI) in which 
1 in 15,000  saponin was used as the  lysin, 0.8 ml. of the  "lecithin" sol (807 
of "lecithin") being allowed to remain in contact with the cells  (0.4 ml. of a 
standard suspension at pH 7.0)  for varying lengths of time before the addition 
of the lysin.  The time for complete hemolysis, t, is measured from the moment 
of the addition of the lysin. 
TABLE VI 
Time of contact at 37°C. 
m/s. 
0.25 
0.50 
0.75 
1.0 
2.0 
3.0 
1.9 
1.1 
0.80 
0.65 
0.40 
0.33 
t for 1 in 15,000 saponin = 0.5.  t for lysin-inhibitor-cell  system =  1.2. 
When the time of contact is short (less than about 0.45 minutes) the inhibition 
is  greater  in  the  cell-inhibitor-lysin  system than  it  is  in  the  lysin-inhibitor- 
cell system, but  as  the  time of contact becomes longer the inhibitory effect 
diminishes.  The simplest explanation  is that  the  inhibition  is offset by the 
effect of the hemolytic component of lecithin ab ovo; about 10 per cent hemoly- 
sis,  indeed,  occurs in  the  cell-"lecithin"  system when the  time of contact  is 
as long as 3  minutes. 
IlL  Sols of Soybean Lecithin 
1. Preparation of Sols--Soybean  lecithin is prepared from a  mixture of soybean 
lecithin,  cephalin,  and lipositol  by dissolving  the mixture in petrol ether (20 gin.  to 
200 ml.)  and reprecipitating the eephalln  and lipositol  with 4 volumes of absolute 
alcohol. 0  After  filtration,  an  additional  precipitation  with  acetone  removes fats, 
6 If sols are prepared from the material present in the alcohol-ether mixture (soybean 
lecithin with some cephalin and lipositol in addition), the freshly prepared sols exhibit 
a very curious behavior.  If the sol is allowed to cool slowly, it is inhibitory for both 
saponin and digitonin  hemolysis.  If it is cooled rapidly under the tap, it is much 
more opaque than the slowly cooled sol, and, while even more inhibitory for saponin 
hemolysis,  is an accelerator of digitonin  hemolysis.  On standing at 4°C.  overnight ERIC PONDER  11 
and  the  flocculated lecithin,  thrown  down by centrifuging,  is  dissolved in a  small 
amount of warm ethyl alcohol.  Any traces of cephalin and lipositol which remain 
precipitate  out,  leaving  the  soybean  lecithin  in  alcoholic solution.  The  quantity 
contained per milliliter is found gravimetrically.  Sols are made by adding 2 ml. of 
the final solution of the lecithin in alcohol to such a  quantity of boiling phosphate 
buffer at pH 6,8 as will provide a concentration of about 500 "t per ml.  The sols are 
faintly opalescent, and are quite hemolytic, 0.8 ml. producing complete lysis of 0.4 
ml. of a standard human red cell suspension in 40 minutes at 37°C.  The course of 
the  hemolytic process is  an unusual  one,  lysis being very slow  to start,  but,  once 
started,  proceeding rapidly; the result is a  positively skew hemolysis curve such as 
is seen in the case of lysis by the bile salts in certain concentrations.  7  Sols should 
be used within  a  few hours of their preparation,  as soybean lecithin is unstable in 
purified form. 
TABLE  VII 
Time of contact at 37"C.  t 
mln. 
0.25 
0.50 
1.0 
2.0 
3.0 
m/n. 
1.9 
1.7 
1.5 
1.2 
1.0 
t for 1 in 20,000 saponin •ffi  0.7.  t for lysin-inhibitor-cell system •ffi  1.9-2.1. 
2.  Inhibitory  Effects  of Soybean Lecithin.--Soybean  lecithin  is  inhibitory 
for  saponin  and  for  digitonin  hemolysis  in  lysin-lecithin-ceU  systems,  4003, 
giving an R-value of about 1.7 with the former and one of about 1.6 with the 
latter.  In this  respect  it  resembles  distearyl  lecithin  rather  than  the  more 
hemolytic lecithin ab ovo. 
In  ceU-lecithin-lysin  systems  containing  saponin,  the  inhibition  depends, 
as in the case of ceU-inhibitor-lysin systems containing lecithin ab ovo, on the 
length of time during which the cells and the lecithin remain in contact.  If 
the time of contact is very short (10 seconds or so), the inhibition tends to be 
the same as that produced in the comparable lysin-inhibitor-cell system; I have 
never  observed  it  to  be  greater.  As  the  time  of  contact  is  increased,  the 
inhibition  produced  becomes  less  and  less.  This  is  shown  in  Table  VII, 
it  loses  its  opacity and  becomes indistinguishable  from a  slowly cooled sol.  The 
traces of petrol ether and alcohol remaining in the sols seem to have nothing to do 
with  this peculiar behavior,  which illustrates  some of the difficulties  attendant  on 
investigations with this kind of material. 
7 Hemolysis takes so long to begin, and proceeds so quickly once it has started, 
as to suggest that the soybean lecithin itself is non-lytic, and that it is transformed 
into a lyric lysolecithin while in contact with the cells. 12  INIIIBITION  O1  ~ II~MOLYSIS.  IV 
which refers to an experiment in which 1 in 20,000 saponin was used as the 
lysin, 0.8 ml. of a soybean lecithin sol containing 200V of lecithin being allowed 
to remain in contact with the cells (0.4 ml. of a standard human red cell suspen- 
sion) for varying lengths of time before the addition of the lysin.  The time 
for complete hemolysis, t,  is  measured from the moment  of addition  of the 
lysin. 
This table may be compared with Table VI.  Again the simplest explanation 
for the result is that the inhibition is offset by the effect of a  hemolytic com- 
ponent of the soybean lecithin. 
Like lecithin ab ovo and distearyl lecithin, soybean lecithin converts washed 
red  cells from disks  to  spheres  without  change  in  volume.  Its  activity in 
bringing about this shape  transformation is approximately the same  as that 
of lecithin ab ovo, a  sol containing 100~/ml. turning the red cells  of an equal 
volume of a  standard human cell suspension into spheres in about a  minute. 
The shape change is followed, much more slowly, by hemolysis.  It is worth 
remarking that neither soybean lecithin nor distearyl lecithin contains cephalin, 
but that both bring about the disk-sphere transformation. 
These  observations  on  the  lecithins  may  be  summarized  by  saying  that 
(1)  distearyl lecithin is an inhibitor of saponin and digitonin hemolysis, part 
of the effect being the  result  of a  reaction with  the  components of the  cell 
surface and part being the result of a reaction with the lysin in the bulk phase 
of the system,  (2) that lecithin ab  ovo  is an accelerator of saponin hemolysis 
and either an accelerator or an inhibitor of digitonin hemolysis, (3) that soybean 
lecithin  is  an  inhibitor  of  both  saponin  and  digitonin  hemolysis  in  lysin- 
inhibitor-cell systems, but (4)  that both soybean lecithin and lecithin ab o~o 
contain a  hemolytic (or acceleratory) component. 
B.  CHOLESTEROL 
Lee and Tsai (1942 a) have shown  that if either saponin or digitonin is 
mixed  with  cholesterol  sols  at  various  temperatures  for various  times,  the 
mixture being finally cooled to 20°C. and red cells added, the inhibiting effect 
of the cholesterol depends on the temperature of mixing and the time during 
which the inhibitor and the lysin have remained in contact.  This observation, 
which can be confirmed in its more general aspects, s constitutes very strong 
8  Lee and Tsai did not observe that the lyric activity of saponin is reduced by heat- 
ing to 60-80°C.  In the case of a  1 in 15,000 saponin  (133~/2ml.),  the lytic activity 
is reduced to about 85 per cent of the original value by heating to 75°C. for 30 minutes, 
and heating to 75°C. for 48 hours reduces  the activity to about 45 per cent of the 
initial value.  This effect of temperature on the activity of the lysin is far too great 
to be ignored in the analysis of the inhibitory effect of cholesterol sols.  In a system 
containing 133 "r of saponin at pH 6.5, for example, 4 ~r of cholesterol inactivates 45 ~/ 
of lysin after 24 hours at 75°C. and 17 ~ of lysin after 24 hours at 20°C.; if the effect ERIC PONDER  13 
evidence for a  reaction between lysin and inhibitor in the bulk phase of the 
system, but the quantity of lysin apparently rendered inert  depends also on 
the type of red cell used (Ponder, 1943), and this shows that a simple irrevers- 
ible combination of lysin and inhibitor in the bulk phase does not constitute 
the  entire  explanation.  Experiments  similar  to  those  of  section  A,  4(a) 
(above) do not provide any evidence of an irreversible reaction between choles- 
terol sols and the components of the red cell surface, yet a change in the nature 
of the cell is able to bring about a change in the extent of the inhibition observed 
under conditions which are otherwise constant.  This is shown by the following 
type of experiment. 
Various amounts of a  cholesterol sol diluted  1 in  10 (Lee and Tsai's method of 
preparation)  are allowed to react with 0.8 ml. of lysin at 37°C. for 24 hours, the volume 
of temperature  on the lysin is not taken into account, however, the quantity inactiva- 
ted at 75°C. appears  to be 75 ~ instead  of 45 -/.  Although  it  is  clear  that much 
greater inactivation  occurs  at  higher  temperatures  than  at  lower, Lee and  Tsai's 
description of the effects cannot be confirmed in its details.  The effect seems to be 
one on the equilibrium,  as well as on the velocity, of the cholesterol-lysin reaction, 
and its analysis is greatly complicated  by the effect of temperature on the activity 
of the lysin itself. 
In the case of digitonin,  the lyric activity is not changed  by heating,  and so an 
attempt can be made to analyze the effects of temperature on the inhibitory  effect. 
Table VIIIa  shows the results of an experiment in which various quantities  of digitonin 
were allowed to remain  in contact with 2.5 ~ of cholesterol for 24 hours at 20  ° and 
at 80°C.  The inhibition  produced was determined at 37°C. at the end of that time. 
TABLE VIIIa 
20°C.  80"C. 
~t 
R  A  R 
40.0 
26.7 
23.4 
20.0 
16.7 
1.35 
1.50 
1.60 
1.78 
2.1 
10.4 
8.9 
8.8 
8.8 
8.7 
1.51 
1.70 
1.87 
2.0 
2.5 
13.5 
11.0 
10.9 
10.0 
10.0 
It will be observed  that R increases,  and A decreases, as cl decreases, and that 
although the effect of the 60°C. increase in temperature is an increase in the inhibition 
produced by the cholesterol, the increase is far less than Lee and Tsai describe.  As 
the asymptotes of the time-dilution  curves are approached,  the values  of R and of 
A become increasingly uncertain,  and this uncertainty is added to by irregularities in 
the inhibitory effects of cholesterol  which  are  encountered  in  experiments  of this 
type, in which  the lysin and inhibitor  remain  in contact for very long times.  As 
yet, I have not been able to analyze the temperature effects in any simple way. 14  INHIBITION  O]? HEMOLYSIS.  IV 
of the system being always made up to 1.6 ml. with saline; 0.4 ml. of a standard human 
or rat red cell suspension is added at the end of that time, and the times for complete 
hemolysis are determined.  Values of R  and of ~ are obtained by reference to time- 
dilution curves for systems containing human and rat cells respectively.  Table VIII 
gives results for 1 in 20,000  saponin (100 7), with the times for complete hemolysis 
in minutes. 9 
If R, or A, is plotted against Q for human and for rat cells respectively, the 
relations will be found to be flat curves  t° which do not by any means coincide 
with each other.  This means that the added red cells do not act simply as an 
indicator of the amount of lysin left free after the lysin-inhibitor combination 
in the bulk phase is completed.  The results, indeed, are very similar to those 
which show that the inhibitory effect of plasma on saponin hemolysis depends 
on the type of red cell added to the system (Ponder, 1943, Table IV), and they 
can be compared with the results obtained when plasma,  diluted  1 in  100,  is 
TABLE VIII 
Human  Rst  0 
Sol/l~ ml. 
A 
0.3 
0~2 
0.1 
0.05 
t  c2  R  A 
50  I  ¢  I  2"°8  I  52 
2.3  67  I  1.49  33 
1.1  80  1.25  20 
_._!__' c__I__' 
80  [  37  f  ~.70  I  63 
2.5  [42  [2.38[58 
o.go  [  57  ]  1.76  [  43 
o.251  7o  I  1.43  I  3o 
used as an inhibitor with 1 in 20,000 saponin in systems containing human or 
rat red cells  (Table IX). 
Again the relations between Q  and R  are flat curves concave to the Q-axis, 
and the curve for the system containing rat cells is not at all the same as that 
for the system containing human ceils. 
The  simplest  explanation  of  the  difference  in  inhibitory  power  observed 
when  the  type of red cell in the  system is varied is that the addition  of the 
D  In order to ascertain the reproducibility with which inhibitory phenomena such 
as these can be measured,  I  made 3  cholesterol sols from solution in ethyl alcohol 
and 3 sols from solution in methyl alcohol, and measured R after 24 hours' contact 
of several different quantities of sol with 133 7 of saponin at 37°C.  The 6 values of 
R, which lay between 1.2 and 2.1 for different quantities of sol, agreed to within  ~0.1 
with each other in the case of any one quantity of sol.  There were no consistent 
differences  in inhibitory power between the sols. 
10 There seems to be no doubt that the relation of R and Q is really a  flat curve 
rather than the straight line which I  described for s&ponin-plasma  systems in  1943, 
The points which decide  the matter in favor of the curve are in bold face type in 
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cells brings about a  redistribution of the quantities of lysin, free on the one 
hand and inhibited as the result of a  combination with cholesterol or plasma 
components on the other, and that the way in which the quantities are redis- 
tributed depends on the surface properties of the type of red cell added.  More 
specifically, when an inhibitor such as plasma or cholesterol sol is added to a 
lysin in concentration c~, the lysin becomes divided into a quantity A rendered 
inert by the inhibitor and a  quantity c~ left free.  When red ceils are  added 
to the system, lysin tends to become concentrated at their surfaces, so that 
c~ is further divided into A', a new amount combined with the inhibitor, c~', a 
new  amount  left  free,  and  an  additional  amount  concentrated  at  the  cell 
surfaces.  This last quantity seems experimentally to be linear with c~ and is 
denoted by ~'ct.  As  the  equilibrium between c~ and A seems to be at least 
partially reversible, there arises a competition for lysin between the inhibitor 
and the red cell surfaces (Ponder and Gordon, 1934, Ponder, 1945 a), and one 
TABLE IX 
Pla~!/lO0  Human  Rat 
A 
0.3  6.0  I  57  11.75143 
0.2  2.2  69  ]1.43  31 
0.1  1.3  I  77  11.30123 
0.05  1.0  I  85  I  1"18  I  15 
2.3  i  49  i   .04  i  5, 
1.115211.91147 
0.8  ]  55  i  1.52  i  45 
0.27  65  1.54  35 
0.22  I  72  11.38  L  27 
of the principal effedts of this competition is to make 4, the amount of lysin 
rendered inert by the  inhibitor,  dependent  on  (a)  the  number  of  red  cells 
added, and (b) the kind of red cells added, for both the extent and the nature 
of the competing red cell surface can influence f. 
Tables VIII and IX show that the kind of ceU determines the values of A 
observed (A  =  cl  --  cl/R),  and it has already been shown that the number of 
cells added to the hemolytic system determines the values of A when plasma 
is the inhibitor and saponin the lysin (Ponder and Gordon, 1934).  Table X 
gives the result of an experiment in which saponin was used as the lysin and 
0.1 ml. of  cholesterol sol diluted 1  in 10 (53, of  cholesterol) as the inhibitor, 
and in which 0.4 ml. of a red cell suspension of twice standard  strength (2S), 
standard strength (S), and half standard strength (0.5S) was added after the 
lysin and the inhibitor had remained in contact for 24 hours at 37°C. 
Proceeding in the same way as when the inhibitor is plasma  (Ponder and 
Gordon, 1934), and plotting log A against log (cl -- ct~), we get three lines parallel 
to each  other  (values for  c1®, 807,  753,, and  653, respectively).  This  is  a 
result similar to that  obtained when the  inhibitor is plasma,  and  the  same 16  INHIBITION OF HEMOLYSIS.  IV 
explanation; viz.,  that the differences in the observed values of A are due  to 
redistribution  of lysin among the phases of the hemolytic system, appears to 
be applicable to both inhibitors, n  By an extension of the same idea, it can be 
supposed that a change in the kind of red cell (but with the same development 
of surface  12) operates in the same way as a change in the number of red ceils of 
the same kind, both bringing about a  change in ~" and in the extent to which 
the cell surfaces can compete for lysin with the inhibitor. 
It  therefore  appears  that  although  lysins  such  as  saponin  and  digitonin 
react with  cholesterol in mixtures  of lysin and cholesterol sol, the extent  of 
the  lysin-inhibitor  reaction  which  results  in  the  rendering  inert  of  lysin  is 
finally determined by the affinity of the lysin for the red cell surface components, 
once the cells are added to complete the hemolytic system.  In general,  the 
TABLE X 
Suspension  cl  t  ¢1  ~, 
2S 
O.SS 
133 
100 
133 
100 
133 
100 
80 
1.7 
17 
1.5 
8.0 
1.6 
6.0 
50 
88 
65 
80 
$9 
56 
42 
33 
45 
35 
53 
41 
77 
58 
47 
reactions between lysin  and  inhibitor  which  occur in  thb bulk phase  of  the 
hemolytic system cannot be considered apart from the reactions which  take 
place in the neighborhood of the cell surfaces,  13 unless the lysin-inhibitor reac- 
tion is known to be wholly irreversible. 
~ It log A is linear with log (cl-c1~), it will also be linear with log r  (cl-c1®).  The 
slope of the line will be the same, but it will be displaced  to the left by log L 
A standard suspension of human red cells (area, 160~  ~, 6.(109  cells per ram.9 has 
approximately the same surface area as a standard suspension  of rat red cells (area, 
100 #~, 9.(109  cells per ram.9. 
~s For a  description  of the different behavior of saponin,  digitonin,  and  the bile 
salts,  see Ponder,  1934, where a  distinction  is made between  "initial absorption," 
or the condensation of lysin at the red cell surfaces within a short time (10 seconds) 
after the addition of the cells to the lysin, and "delayed absorption," the more pro- 
tracted using up of lysin which occurs during, and after, the hemolytic process.  The 
distinction can be made experimentally, but is probably not  as  sharp as is implied. 
The "absorption" of lysin at the cell surfaces which has to be considered when one is 
talking about "competition" is probably that which  takes place during the whole of 
the  period  of  time in  which  the  lysin-inhibitor  compound  is  reversible and  can ERIC  PONDER  17 
C. PROTEINS 
Human  serum globulin,  fraction II +  III (a mixture of gamma  and beta 
globulins kindly supplied me by Dr. E. J. Cohn and Dr. I-I.  B. Vickery) is 
inhibitory  for  hemolysis by saponin,  digitonin,  sodium taurocholate,  and sodium 
oleate,  the R-values ranging from I.I0  to 1.20  for a 0.02 gm. per cent solution 
at pH  7.I and at 37°C. (Ponder, 1944).  It is important that the globulin 
solution be freshly  prepared. 
Attempts to show that Serum globulin reacts with the components of the 
red cell  surfaces,  producing changes which persist  after  one washing (cf.  section 
A, I, 4(a)),  have resulted  in failure. The inhibitory  effects  appear to be due 
entirely to reactions  which occur between the globulins  and the lysins  in the 
bulk phase of the system, except in so far as they are modified by ~'-reactions 
(c/.  section  B),  Comparing the/(-value  for  0.02  per  cent  globulin  and digitonin, 
1.14, with that for diluted plasma with a globulin content of 0.02 per cent, 
the globulin  in  plasma can be responsible  for only about I0 per cent of the total 
inhibition,  or even less. All calculations  of this  kind lead to the same general 
conclusion; v/z.,  that the globulins  are responsible  for only a small part of the 
total inhibition  produced by plasma. 
The effects  of  serum albumin are  very  much more complex.  When I  reported 
that human  serum albumin is an accelerator of saponin hemolysis  (Ponder, 
1944), the experimental range was apparently insufficiently  explored.  Actu- 
ally,  human serum albumin (0.I  per cent in saline  at pH 7.I)  is an accelerator 
of saponin hemolysis when the lysin is present in low concentration, but an 
inhibitor when the lysin  is present in high concentration.  The time-dilution 
curves for the standard system and the system containing the serum albumin 
accordingly cross one another, a state of affairs  similar to that met with in 
the case of lecithin  ab ovo and digitonin (section  A, II, 2), except that the 
position of the two curves is reversed (Table El). 
Table XI shows that there  is  a sma]] effect  of the length of time during which 
the lysin  and inhibitor  remain in contact.  These systems do not appear to 
be catastoichic,  but the inhibition  produced depends on the type of red cell 
used.  In Table Ell, which illustrates  this,  the inhibitor  was 0.8 ml. of 0.I 
per cent human serum albumin (HA 139). 
give up lysin to augment  c~, the  quantity of lysin which is  drawn  upon by "initial 
absorption" and  also  by  "delayed  absorption."  As yet,  the  duration  and  extent 
of the reversibility are not known: in fact, the whole theory of the redistribution of 
lysin between the phases of a  hemolytic system is  only in a  very elementary state 
(cf. Ponder, 1945 a, in which "competition" is discussed in terms of "affinity" of the 
cell surface for the lysin.  Here the term "affinity" would have to be taken to mean 
initial  plus  delayed absorption; i.e.,  all  the ability  of the  cell  to react  with lysin, 
quickly or slowly, throughout the course of the reaction studied). 18  INttIBITION  OF  ~I-E~OLYSIS.  IV 
In systems containing 0.1  per cent human serum albumin and digitonin,  I 
have been able to obtain only the small acceleration already reported (Ponder, 
1944)  over the entire experimental range  (807 to 107).  In the case of sodium 
taurocholate,  however,  the  statement  that  human  serum  albumin  produces 
no inhibition must be withdrawn.  In systems containing 0.8 ml.  of lysin in 
isotonic NaCl-phosphate buffer at various pH's between 5.8  and 8.5,  0.8 ml. 
of 0.1 per cent human serum albumin in saline, and 0.4 ml. of standard human 
red cell suspension, inhibitory effects are observed over the entire experimental 
TABLE XI 
Standard system ........................... 
System containing 0.I per cent HA 139,* con- 
tact 5 rain ............................... 
System containing 0.1 per cent HA 139, contact 
90  rain ................................ 
Saponin, cl in 7 
87  i  t  5o  3. 
02o  o3olo, 1o i  ol.o 
0.42  o.87  o.8o  1.1  2.9]  lO 
o.s0[o.67[o.9o11.2  [ 3.0[  1o 
*HA139~aprepamtionofhumansemm  albumink~d~sentmeby  Dr.E.J.  Cohn. 
TABLE XII 
SaponinA 
C! 
100 
87 
75 
62 
1.46 
1.49 
1.62 
1.94 
Human  cells 
31 
28 
29 
30 
R 
1.11 
1.13 
1.18 
1.39 
l~t  cells 
10 
10 
12 
17 
range  (20007  to about  500"I of lysin  at  37°C.).  The R-values  obtained  are 
shown in Fig. 2.  The average R-value in the range pH -  6.5 to 7.7 is between 
1.1 and 1.2, while at higher and lower pH's the values rise to about 2.0. 24  At 
pH 7.1,  0.1  per cent serum albumin is about as inhibitory as plasma diluted 
1 in 500 (see Ponder, 1945 a, Table II); i.e.,  roughly 10 per cent of the inhibitory 
power of plasma, in this dilution, can be attributed to its contained albumin. 
I  have  not  been  able  to  show  that  these  lysin-albumin-cell  systems  are 
catastoichic,  or  that  the  albumin  produces changes at  the  red  cell  surfaces 
which are not reversible with one washing (cf.  section A, I, 4(a)).  Independent 
i, At the lower pH's a white cloud appears  when the lysin and the serum albumin 
are mixed.  A similar cloud appears  under certain  conditions  when serum  is added 
to sodium taurocholate  or glycocholate (Ponder,  1924). ERIC PONDER  19 
evidence that serum albumin reacts directly with the components of the red 
cell surface is provided, however, by the effects which it produces on red cell 
shape and its transformations (see Ponder, 1945 c, for the complete literature). 
R 
2.0 
1.8 
1.6 
1.4 
R  ]Iysin,  ..ofs 
~.o  1000 
2"0  ~l 500 
.i.O  1250 
5  "6  7  8  9 
I 
+-. 0.05 
1.2 
.1.0L  I  I  I  t 
5.8  6.5  '7.1  'l'7  8.5 
pH 
FIo. 2. Inhibition of sodium taurocholate  hemolysis (ct  ---  2000, 1500, 1250, and 
1000 "r) by 0.1 per cent human serum albumin  (HA.  139) at different pH's.  Time 
of contact, 10 minutes at 37°C. Ordinate,  R-values;  abscissa,  pH.  Magnitude of 
allowable experimental  error  in  R,  4-0.05.  Inset shows how the activity of the 
lysin, expressed as an R-value with the activity at pH 5.8 put arbitrarily  =  1.0, 
varies with pH. 
D. OTHER QUANTITATIVE  OBSERVATIONS 
1.  Catastoid*ic  Inhibition  by  Plasma.--Since  the  inhibition  produced  by 
lecithin, one of the components of plasma, is catastoichic in systems containing 
saponin, digitonin, or taurocholate, one would expect the inhibition produced 
by plasma to be catastoichic too.  A dependence on the order of mixing the 
components of the hemolytic system, however, has not yet been observed in 
systems in which the lysin is saponin or digitonin, although it has often been 
described in systems in which the lysin is one of the bile salts or soaps (Ponder, 
1922,  Ponder and Gordon,  1934).  The explanation for this lies in the fact 20  INHIBITION OF HEMOLYSIS.  IV 
that the catastoichic inhibition produced by plasma in saponin and digitonin 
systems  appears  only  when  the  plasma  is  dilute  and  the  inhibition  small. 
This can be  shown by measuring  the time for complete hemolysis/or three 
types  of  system:  (a)  lysin-saline-cell systems,  (b)  lysin-plasma-cell systems, 
and  (c)  cell-plasma-lysin systems, the dilutions of lysin and of plasma  being 
varied to cover an extensive experimental range  (Table XIII). 
A  simple  explanation  of  the  catastoichic  effects being  observed  only  in 
systems containing dilute plasma is that the total inhibition produced by plasma 
is  the  sum  of that  resulting from a  A-reaction between plasma  components 
(e.g., cholesterol) with lysin in the bulk phase of the system, and that resulting 
from effects at  the  red  cell  surfaces.  The former effects are  much  greater 
than  the latter,  and obscure the smaller effects except when the inhibitor is 
dilute.  A  detailed analysis of the situation would be rendered very difficult 
TABLE XIII 
Type of system 
Saponln 1 in  A  Plasma 
10,000 
15,000 
20,000 
0.12 
0.22 
0.83 
Plasma  ]  Plasma 
1/100  11200 
_5%  c 
3.0  3.0  0.5  0.5 
--  --  2.3  2.5 
--  --  13.0  18.0 
Plasma  Pla.,~ma 
_I/4oo  J/soo  .  m6oo 
0.2210.3210.17 I0.23  1 0.14  1 0.17 
1.0  11.3  i0.4010.6010.3310.s0 
3.7  14.7  11.6  12.7  12.0 
In column A, times in minutes for lysin-saline-cell systems.  In column B, times in minutes 
for lysin-plasma-ceU systems, contact 10 minutes.  In column C, times in minutes  for cell- 
plasma-lysin systems, contact 10 minutes,  t for I in 30,000,  5.5 minutes. 
by the fact that the inllibitory effects, both in the bulk phase and in the neigh- 
borhood of the  cell  surfaces,  depend  on the  times  of contact between lysin 
and inhibitor and between inhibitor and cells (see section 2, below). 
2.  Time Effects.--In  their study on the effects of temperature on the inhibi- 
tion produced by cholesterol, Lee and Tsai showed that the amount of saponin 
inhibited by cholesterol sols increases with the  time during which  the lysin 
and the inhibitor are allowed to react in a lysin-inhibitor system, a final value 
being reached only after some hours.  It is the velocity of tiffs reaction  (as 
well as its equilibrium) which is affected by change in temperature. 
In  the  case  of the  lecithins,  the  reaction  in  a  lysin-inhibitor system  (the 
cells  being  added  subsequently)  which  results  in  inhibition  occurs  rapidly, 
so that it is immaterial whether the lysin and the inhibitor are allowed to react 
for a  long time interval before the addition of the cells or whether the cells 
are added soon after the lysin and the inhibitor are mixed.  When the inhibitor 
is cholesterol sol or plasma, on the other hand, the time interval is very impor- 
tant  in determining the final result,  and  the course of the reaction between ERIC Po~ri:w.R  21 
lysin and cholesterol is not the same as that of the  reaction between lysin 
and plasma.  This is illustrated by Fig. 3 A, which shows the results obtained 
in an experiment in which 257 of digitonin was allowed to react in a series of 
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FIo. 3.  A, the inhibition of 25 ~ of digitonin by 2.5 7 of cholesterol (solid points) 
and 0.3 ml. of plasma diluted 1 in I00 (crosses).  B, the inhibition of 100 ~ of saponin 
by plasma  (crosses),  2.5  ~¢  of cholesterol  (solid points),  and  1.25  ~, of cholesterol 
(open circles).  In both cases, a is plotted on the ordinate and time on the abscissa. 
tubes for 5 minutes,  10 minutes,  ....  120 minutes  ~  at 37°C. and pH 7.1 with 
(a)  0.8 mL of a  cholesterol sol diluted  1 in  160,  i.e.  with 2.Sy  of cholesterol, 
1~ The reactions are vlrtually complete within  120  minutes,  the amount of lysin 
inhibited being the same, within the limits of experimental error, as after 24 hours' 
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and  (b)  0.3 ml. of plasma diluted 1 in  100.  The inhibition produced at the 
end of each period of time was measured in the usual way and  the values of 
A are plotted against time in Fig. 3 A.  Fig. 3 B shows the results in a similar 
experiment  using  1003, of saponin, 2.53" and 1.253" of cholesterol, and 0.8 ml. 
of plasma diluted 1 in 800. 
When the  inhibitor is plasma,  the  course of the reaction resulting in the 
inhibition of the lysin is clearly very different from that observed when the 
inhibitor  is  cholesterol  sol,  irrespective  of  whether  the  lysin is  saponin  or 
digitonin.  When the inhibition at equilibrium (1 to 2 hours contact) is approxi- 
mately the same, the inhibition produced by plasma is much greater for short 
periods of contact with either lysin, and the values of h  vary less with time 
than do the values obtained with cholesterol sol as the inhibitor.  If we enquire 
as to the amount of cholesterol sol  which is equal in inhibitory power to a 
certain amount of plasma,  we  get  a  variety of answers  (0.3  ml.  of plasma 
TABLE  XIV 
Type of system 
Lysin +  2~, cholesterol  ............................. 
Lysin +  200"r lecithin ............................. 
Sum of these ................................... 
Lysin +  2"r cholesterol +  200v lecithin  .............. 
Time of contact 
10 mln.  60 rain. 
13  19 
13  13 
26  32 
27  51 
diluted 1 in  100 equal to  anything from 53' to 153" of cholesterol, in  the case 
of Fig. 3 A) according to the time of contact between the lysin and the inhibitor 
before the addition of the cells.  It can also be shown that a  similar variety 
of answers is obtained when the  time of contact is constant, but the initial 
concentration of lysin is varied (see section 4 below). 
3. Enhancing Effects.--Lee and Tsai (1942 b) have described a reinforcement 
of the antihemolytic power of cholesterol by lecithin, their lecithin, although 
slightly lytic in  itself, enhancing the inhibitory effect of a  cholesterol sol  3 
to  10 times in saponin systems.  I  have had no  difficulty in confirming this 
fundamental observation.  Using four systems, (a) 0.8 ml. 1 in 20,000 saponin 
(1003") plus 0.8 ml. NaCl-phosphate buffer at pH 7.0,  (b) 0.8 ml. lysin plus 0.4 
ml. distearyl lecithin sol in phosphate buffer plus 0.4 ml. buffer, (c)  0.8 ml. 
lysin plus 0.4 ml. cholesterol sol  diluted 1/100 in buffer (23" cholesterol) plus 
0.4 ml. buffer, and (d) 0.8 ml. lysin plus 0.4 ml. lecithin sol plus 0.4 ml. choles- 
terol sol, and adding 0.4 ml. of standard red cell suspension to each system 
after various lengths of time at 37°C., we get, by reference to a standard time- 
dilution curve for the lysin, the quantities of lysin rendered inert which are 
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When the time of contact between the inhibitors and the lysin is 60 minutes, 
the quantity of lysin rendered inert, 51% is 1.6 times the sum of the quantities 
of lysin rendered inert by the two inhibitors acting separately, but when the 
time of contact is much shorter (10 minutes), the enhancement is much less 
in evidence.  Any further description of these  complex enhancing effects is 
beyond the scope of this paper, but it will be clear that the existence of such 
effects makes it very difficult to say how much of the inhibitory effect of plasma 
can be attributed to cholesterol, to lecithin, or to other components. 
4. Combining Ratlos.--Even  in  the  case  of lysin-inhibitor-cell systems in 
which the time of contact between lysin and inhibitor is not important, the 
quantity of lysin inhibited per 3" of inhibitor depends on the initial concen- 
tration of the lysin, as well as on other factors such as pH, the kind and number 
of red cells in the system, etc.  In the case of distearyl lecithin and digitonin 
(Table I), each 7  of lecithin  inhibits 0.0257  of lysin when  the initial lysin 
concentration  is  507/2m1.,  and  0.0157  when  the  initial  concentration 
is 167/2ml.; in the case of distearyl lecithin and saponin  (Table II), each 7 
of inhibitor inhibits 0.177  of lysin when the initial quantity is 200% and 0.07~/ 
when the initial quantity is 803".  In the case of serum albumin (Table XI), 
each 3" inhibits from 0.016~  to 0.037 according to the initial concentration of 
saponin, and from 0.0253, to 0.04"I according to the initial concentration of 
taurocholate.  Each  7  of  globulin  (Ponder,  1944) inhibits  about  0.137  of 
saponin, 0.153" of digitonin, 0.141 of taurocholate, and 0.223" of glycocholate, 
with a dependence on lysin concentration which has not yet been worked out. 
In the case of cholesterol sols,  the question as to how many 3" of lysin are 
rendered inert per 7 of cholesterol can be answered only if the time of contact 
between the  inhibitor and  the  lysin, as  well  as  the  lysin concentration,  is 
specified.  At 37°C., and after 24 hours' contact, each 3' of cholesterol inhibits 
from 5.27 to 8.0"I of saponin, according to the amount of sol used, when the 
initial quantity of lysin is 100,/(Table VIII); under the same conditions, each 
3" of cholesterol inhibits about  127  of digitonin when the initial quantity is 
803,  (Ponder,  1945 b).  Cholesteryl acetate  inhibits about  1.41  of  saponin 
and 2.0~ of digitonin, per 7 of the ester, under the same conditions of experi- 
ment. 
The question as to how much of the  inhibitory power of plasma can be 
accounted for by the contained cholesterol (or free cholesterol) is again one 
which can be answered only if the experimental conditions are defined with 
respect to initial concentration of lysin, time of contact, and a number of other 
variables.  Reference to Fig. 2 A and B, will show that a quantity of plasma 
may be either more or less inhibitory than a quantity of cholesterol sol according 
to whether the time of contact is short or long.  Even with the time of contact 
sufficient for the lysin-inhibitor system to reach equilibrium, the  quantity of 
lysin rendered inert per 7  of cholesterol varies with both the initial  concen- 24  INI-IIBITION  OF IIEMOLYSIS.  IV 
tration of lysin and the quantity of cholesterol, and since similar complexities 
exist in the case of plasma, correlations between the inhibitory power of plasma 
and  the  content  of total,  or free, cholesterol are apt to mean less than  they 
appear to do at first sight. 
DISCUSSION 
So far as the inhibition of hemolysis by plasma is concerned, the principal 
points of interest have always been (1)  whether the inhibition is the result of 
reactions in the bulk phase of the system or at the red cell surfaces, (2) whether 
it is possible to develop an expression which will describe the inhibition quanti- 
tatively, and  (3)  an understanding of the extent to which the various compo- 
nents of plasma contribute to the total inhibition.  The best way of discussing 
the  results obtained in  this paper and in  previous papers of this  series is to 
see what light they throw on these questions. 
I.  Is the Inhibition Produced by Plasma the Result of Reactions Occurring  in 
the  Bulk  Phase  or  at  the  Cell  Surfacesf--In  earlier  investigations  (Ponder, 
1924,  1925) I  treated the inhibition produced by serum and plasma as due to a 
reaction in the bulk phase of the system in which the serum components "react 
with the lysin in the same sort of way as when reactant A precipitates reactant 
B  from solution."  This type of reaction in  the  bulk phase is what  I  call a 
A-reaction, a  quantity A of the lysin being rendered inert as the result of the 
combination of the lysin and the inhibitory component.  So far as the choles- 
terol  of  serum  or  plasma  is  concerned,  the  investigations  of  Lee  and  Tsai 
(1942  a) support this point of view very strongly, for they show that the amount 
of inhibition  depends  on the  length of time during which the  lysin  (saponin, 
digitonin)  and  a  cholesterol sol are  allowed  to remain in  contact,  as well as 
on the temperature. 
I  have never felt  satisfied with  this  description  of the  inhibitory effect of 
plasma, however, as is  shown by frequent  attempts either  to  test  it further 
(Ponder, 1932, Ponder and Gordon, 1934) or to abandon it altogether (Ponder, 
1943). 1~  These  attempts  had  their  origin  in  the  difficulties  raised  by  the 
16 The attempt to account for all inhibitory and aeceleratory phenomena in terms 
of R-values and reactions at the cell surfaces was a  step in the wrong direction.  If 
the expressions  in  terms of A are complex,  those in terms of R  are no less so if the 
experimental range is sufficiently  great  (see footnote 10);  the  observation that  the 
values of A vary with the  number and kind of red cell introduced into the  system 
seems to be accounted for best by a  redistribution  of lysin within the system, and 
the supposed similarity between the effects of acceleration and inhibition produced 
by substances such as the  sugars  (Ponder and Yeager,  1928, Yeager,  1929) or the 
monovalent cations  (Gordon,  1933) and  the  inhibitory  effect  of plasma is  only a 
superficial  one.  In the case of the former, most of the inhibitory, or acceleratory, 
effect is produced at the cell surfaces  and only a  small proportion of it in the bulk 
phase  (Ponder,  1926, Ponder and Yeager, 1928); in  the case of the latter, most of 
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experimental observations (a) that the values of A obtained depend not only 
on the type of red cell introduced into  the system but also on the number of 
red cells, so that the cells do not act as a  simple indicator of  the amount of 
lysin c~ left free after an amount h  has been rendered inert, and (b)  that the 
treatment of the results in terms of a A-reaction exclusively gives rise to awk- 
ward  expressions  (see section 2,  below).  They were also influenced by the 
idea that  there is an underlying similarity between the inhibitory effects of 
plasma and those of substances such as the sugars, and a  similarity between 
inhibitory phenomema in general and the phenomenon of acceleration. 
The results described in this paper show that although the greater part of 
the inhibition produced by plasma is  the result  of a  A-reaction in  the  bulk 
phase of the system, the effects of this reaction are modified by redistribution 
of lysin among the regions of the red cell surface, the bulk phase of the system, 
and the inhibitory components, and are complicated by some of the plasma 
components reacting directly with components of the  cell surfaces  (e.g.,  the 
R-reactions in the case of the lecithins, and the reactions which influence shape 
changes in the case of the albumins)Y  In addition, there are enhancing effects 
among the inhibitory components, probably largely in the bulk phase of the 
system. 
2.  Can  a  Quantitative  Expression for  the  Inhibition  Be  FoundS--In  1924 
the assumption that the inhibition produced by plasma is due to a A-reaction 
in the bulk phase of the system was supported by all the facts then known, 
although even then it was recognized that the reaction was probably partly 
reversible.  The expression first sought for describing the results of the reaction 
was one between A and c~, the amount of lysin left free in the system, with 
the idea that  a  loose physical compound, rather than a  molecular one, was 
,~  l/n  formed.  The expression A  =  iic2  , indeed, seemed to be adequate over the 
limited  range  explored  (Ponder,  1924).  The  investigations  were  extended 
(Ponder, 1925)  to cover variations in the amount of inhibitor used, and now 
the expression had to be modified to h  =  A (c2 -- K)  it", both A and K being func- 
tions of the quantity of plasma introduced into the systems. 
As  remarked above, dissatisfaction with this  description of the inhibition 
produced by plasma led to experiments designed to test it further.  With the 
development of improved methods for measuring percentage hemolysis curves 
it became possible to determine A, the amount of plasma apparently rendered 
17 The discussion of the mechanism  of acceleration  and inhibition in which these 
phenomena are supposed  to result from modifications  of the cell surface  (Ponder, 
1941, 1943) applies only to those forms of acceleration  and inhibition which are the 
result of R-reactions  (most forms of acceleration,  inhibition by substances  such as 
the sugars,  and possibly  by the ledthins and albumins  of plasma).  In these cases 
some sort of overall effect, such as a change in the extent to which lysin is concentrated 
at the cell surfaces,  seems to be involved, the surface  structure at the same  time 
exhibiting  differences in reactivity from point to point, or maybe in a pattern. 26  IN1TIBITION"  OF HEMOLYSIS.  IV 
inert  by the  added  plasma,  at  any stage  of the  hemolytic process,  and  the 
results  were  compatible with  the  inhibition  being the  result  of a  A-reaction 
exclusively (Ponder,  1932). 18  Observations were extended to cover times up 
to 300 minutes  (Ponder and  Gordon,  1934),  and it was established  that  the 
value of n in the expression for the "fundamental reaction" remains unchanged 
when plasma  is  added?  9  The expression relating  the  concentration of lysin 
and A was now changed to A -- a(cl -- cl~j~x/~.  This gets rid  of the arbitrary 
constant K, but  leaves two other constants, a,  corresponding to the  old A, 
and/~,  corresponding to the  old n.  The latter  seems  to be  constant for all 
quantities of plasma used, but the former is a non-linear function of the quantity 
of plasma.  While this expression retains the form of an adsorption isotherm, 
it is really no better than an empirical formula.  ~°  The remainder of the paper 
deals with the idea of competition for lysin between the inhibitor and the red 
cell  surfaces, a subject discussed further in Ponder, 1945 a, and in this paper. 
The results described in this paper show that the ,X-reaction  between lysin 
and plasma in the bulk phase of the system is complicated by competition for 
lysin between the cell surfaces and the inhibitor, by reactions of plasma compo- 
nents with the cell surfaces, and by enhancing effects of the components upon 
each  other.  It  is  accordingly not  surprising  that  the  only  expression  yet 
found  to  describe  the  inhibition  quantitatively  should  be  an  empirical  one 
with several arbitrary constants. 
3.  To What Extent Do the  Various Components of Plasma Contribute  to the 
xs This  test  has  its  practical  limitations,  because  considerable  variation  in  the 
velocity constant of the fundamental reaction could occur and yet give rise to devia- 
tions from the Ax/A, relation which would be no greater  than the experimental errors 
would  account for.  This  possibility  becomes less as the  measurements  are made 
nearer and nearer the asymptotes of the time-dilution curves for 50 per cent and 100 
per  cent  hemolysis  respectively,  and  it  is  probable  that  the  experimental  results 
obtained  constitute  a valid test of the point under consideration.  The finding that 
A~/A2 --- 1.0 would not, however, exclude an R-reaction  in which the initial  amount 
of lysin cx was found to behave  as if it were of amount c2, irrespective  of the group 
of cells in the frequency  distribution  with  respect  to which its behavior  was tested. 
Again, the test would not exclude a ~-reaction  accompanied  by a small variation in 
the velocity constant, and it should be remarked in this connection that all calculations 
of the type A  = crc2, based on measurements  from time-dilution  curves, involve the 
tacit  assumption  that  the  velocity  constant of the  fundamental  reaction  remains 
unchanged  by the  addition  of  the  inhibitor  or accelerator.  One  hopes  that  this 
assumption  is  correct,  but  in  the  meantime  there is no way of demonstrating  its 
correctness unequivocally. 
xo Some other inhibitors,  and  some accelerators,  change  the  value  of  n.  They 
probably act at the cell surfaces.  See Ponder and Yeager, 1930. 
~0 It is not always even a good empirical formula.  Table XII provides an instance 
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Total Inhibitory EffectT--Although  at least four components of plasma  have 
inhibitory properties  (cholesterol,  ~x  globulins,  lecithins,  and  albumins)  it  is 
now clear that  a  question of this kind cannot be answered without further 
specification.  Even in the case of one inhibitory component, the amount of 
inhibition produced per 3" of inhibitor depends on (1) the lysin present in the 
system, (2) its initial concentration, (3) the pH,  (4)  the temperature, (5) the 
order in which the components of the hemolytic system are mixed, (6) the time 
of contact between lysin and inhibitor in lysin-inhibitor-cell systems, and (7) 
the kind, and (8) the number, of red cells added to the system.  When there 
is more than one inhibitor present, one has to take account of enhancing effects 
as well. 
Speaking very generally, the inhibitory power of the principal components, 
expressed as 3' of lysin per 3" of inhibitor is about 0.1 for the lecithins, 0.2 for 
the proteins, and 5 to 10 for cholesterol in systems containing saponin, digitonin, 
or the bile salts.  Since the concentration of the plasma proteins is some 50 
times that of the free cholesterol in the plasma, the total inhibitory power of 
the  plasma  proteins  works  out  as  approximately equal  to  that  of  the  free 
cholesterol.  The enhancing effect of lecithin on the inhibitory effect of choles- 
terol, and the smaller inhibitory power of the cholesterol esters (if it exists), 
may Combine  to increase the fraction of the total inhibitory power which is 
dependent  on  cholesterol, but  we  are  still  left with  a  considerable fraction 
which is dependent On substances other than cholesterol.  These calculations, 
of course, are very rough, for it is not even certain that the sum of the effects 
of all the inhibitory components adds up to the total inhibitory effect of the 
plasma; there may be hitherto unidentified inhlbitors on the one hand, or the 
effect of the inhibitors may be partly offset by the effect of accelerators on 
the other. 
It now begins to look as if the use of the same type of method and the inter- 
pretation of the results along the same general lines are leading only to increas- 
ingly involved situations, and as if our view of the subject were approaching 
what has been called its horizon of complexity.  What is required are methods 
by means of which the concentration of free lysin in a lysin-cell system can be 
measured independently after the  ceils have been  added,  and by means  of 
which the quantity of lysin combined with an inhibitor such  as cholesterol 
can  be  determined  independently  of  the  course  of  the  hemolytic process. 
Further analysis would then be possibleY  ~ 
~1 Cholesteryl  acetate, the only ester hitherto examined for inhibitory power,  has 
about  one-fifth the  inhibitory effect of  cholesterol  itself.  Until  there is  further 
evidence on the point, it cannot be safely assumed that the cholesterol esters of plasma 
are non-inhibitory. 
Collier  and Wilbur  (t944)  have approached the problem of the inhibition of 
hemolysis by plasma in a somewhat  different way.  They measure  the amount of a 28  INI~IBITION OF HEMOLYSIS.  IV 
SUMMARY 
This paper contains a description of some of the inhibitory, and occasionally 
acceleratory, effects of sols of lecithins, cholesterol, and proteins in hemolytic 
systems containing  simple lysins,  together with investigations on the nature 
of the reactions by means of which the effects are brought about.  The princi- 
pal conclusions are: 
A.  As regards sols of lecithlns. 
1.  In lysin-inhibitor-cell systems, distearyl lecithin is an inhibitor of saponin 
and digitonin hemolysis, part of the effect being the result of a  reaction with 
the components of the red cell surface and part being the result of a  reaction 
with  lysin in  the bulk phase  of the  system.  Lecithin  ab  ovo  (Merck)  is an 
accelerator of saponin hemolysis and either an accelerator or an inhibitor  of 
digitonin  hemolysis according to the initial  concentration  of lysin present in 
the  system.  Soybean lecithin  is an  inhibitor  of both saponin  and  digitonin 
hemolysis,  but  both  soybean  lecithin  and  lecithin  ab  ovo  contain  also 
a  hemolytic, or acceleratory, component. 
2.  The inhibitory effects depend  on the  order in which  the components of 
the hemolytic system are mixed together.  Distearyl lecithin is about 5 times 
more  inhibitory  in  cell-inhibitor-lysin  systems  than  in  lysin-inhibitor-cell 
systems  containing  saponin,  digitonin,  or  taurocholate.  Lecithin  ab  ovo  is 
more inhibitory in cell-inhibitor-lysin systems when the time of contact between 
lysin  (lysolecithin)  required  to hemolyze a  quantity of diluted  blood or of washed 
red cells, assuming that changes in the concentration of lysins, accelerators,  or inhibi- 
tors in  the  blood  will be reflected  in  the amount of lysin  required.  The number 
of milligrams of added lysin which  brings  about 50 per cent lysis of 1 ml. of blood 
or its equivalent in 60 seconds at room temperature is called the antihemolytic value 
(AHV).  The relation between AHV and what I call the inhibitory power of plasma 
should  be that  the inhibitory power is proportional  to  the AHV for whole  blood 
minus the AHV for washed red cells.  It should  be noticed that the magnitude of 
the difference between the AHV of system A and that of system B is dependent on 
the measurement of AHV being  made at the arbitrarily selected  time 60 seconds, 
and that if the measurements were made at another time, say 30 seconds,  the two 
AHV values and  their difference  would  be different;  this is  a  reflection  of the fact 
that A is a function of cl.  Collier and Wilbur's approach to the problem certainly 
has its advantages.  The study of the total inhibitory effect of plasma and its varia- 
tions is more likely to lead to conclusions of practical interest  than is the attempt 
to reconstruct the total effect from the effects of its parts, particularly as these seem 
to be non-additive, and the results of the direct measurements, especially when made 
on systems containing whole blood, have an immediate bearing on the problems of 
in vivo hemolysis.  The extent to which it is legitimate to extend the results obtained 
in dilute in vitro systems to in vivo systems is very doubtful, especially as not all the 
components of the in vlvo systems are known. ERIC PONDER  29 
cells and inhibitor is short, but when it is long, the hemolytic properties of 
the lecithin offset its inhibitory properties.  A similar state of affairs is observed 
with soybean lecithin. 
3.  An  increase  in  temperature decreases the  inhibitory effect of distearyl 
lecithin in systems containing saponin or digitonin. 
B. As regards sols of cholesterol. 
4.  The quantity of lysin A apparently inhibited by a quantity Q of choles- 
terol sol is dependent on both the type of red cell and the nuinber of red ceUs 
added to the system. 
5.  A is a non-linear function of Q and of cl, the initial quantity of lysin pres- 
ent in the hemolytic system, A generally increasing as cl increases. 
6.  The inhibitory effect of cholesterol sols is essentially due to a  reaction 
between the cholesterol and the lysin in the bulk phase of the system, modified 
by what  appear  to be  redistribution effects which  depend on the kind and 
number of red cells added to complete the hemolytic system. 
7.  The value of h  depends on the temperature and on the length of time 
during which the cholesterol and the lysin remain in contact before the addition 
of the cells. 
8.  Distearyl  lecithin  considerably  enhances  the  inhibitory  effects  of 
cholesterol sols. 
C.  As regards the proteins. 
9.  Freshly  prepared  serum  globulin  is  inhibitory  in  systems  Containing 
s~ponin, digitonin, taurocholate, and oleate, and the effect is due to reactions 
in the bulk phase of the system, modified by redistribution effects. 
10.  Serum albumin either accelerates or inhibits lysis by saponin, depending 
on the initial concentration of lysin, and the inhibition depends on such factors 
as the type of red cell used and the time of contact.  In the case of  sodium 
taurocholate, the inhibition has a very marked pH dependence. 
D.  As regards plasma. 
11.  The way in which the inhibitory effect depends on the length of  time 
cluring which inhibitor and lysin are in contact before the addition of the cells 
is not the same when plasma is used as an inhibitor as when a cholesterol sol 
is  used  as  the  inhibitor.  The  amount of  cholesterol sol which  is  equal  in 
inhibitory power to a  given amount of plasma  accordingly varies according 
to the length of the time of contact which is selected. 
12.  The inhibitory effect in  systems containing saponin,  plasma,  and  red 
cells can be shown to depend on the order in which the components are mixed, 
when the concentration of the plasma is small. 
13.  The question as to how much of the inhibitory power of plasma can be 
accounted for by the contained cholesterol (total or free) is one which can be 
answered only if the experimental conditions are defined with respect to initial 
concentration  of lysin,  time  of contact,  and  several  other  variables.  Very 30  INtIIBITION  OF Iq~M~OLYSIS.  IV 
roughly, about 50 per cent of the total inhibition  of plasma,  or a little more, 
can be attributed  to the cholesterol fraction. 
14.  Since the inhibitory effects of plasma are the result of reactions in the 
bulk phase of the system, complicated by redistributions  among  the phases, 
of  reactions  between  some  of  its  components  and  components  of  the  red 
cell  surface,  and  of  enhancing  effects  of  its  components  upon  each  other, 
it  is not  surprising  that  nothing  better  than  an  empirical  expression  should 
have been found to describe the inhibition  quantitatively. 
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